SUMMARY Acetaldehyde is a major metabolic product of ethanol and is found in high concentrations in the serum during alcohol abuse. The effects of acetaldehyde on isolated rat liver cells and on purified hepatocyte plasma membrane vesicles have been studied. In concentrations of 0-10 millimolar acetaldehyde has been shown to have no detectable effect on either hepatocyte metabolism or gross membrane function and is therefore unlikely to act as a direct metabolic poison. Acetaldehyde, however, is shown to bind to hepatocyte membranes via intermediary Schiff's base formation. The adduction of acetaldehyde to liver cell plasma membranes may have an effect on membrane structure. These findings are consistent with the hypothesis that any injurious effect of acetaldehyde on the liver may be mediated via the immune system rather than being a direct effect on cell metabolism.
In spite of extensive studies, the mechanism by which alcohol can produce liver damage in susceptible individuals is unknown. The vast majority of the research into alcoholic liver disease, however, has concentrated on the biochemical and ultrastructural effects of alcohol and its metabolic products inside the liver cells. This approach has contributed very little to our understanding of the aetiology of alcoholic liver disease. It is becoming increasingly recognised, however, that immunological mechanisms may play a role in the aetiology of this type of liver damage' and this subject has recently been reviewed. 2 If immunological mechanisms are involved in the initiation of alcoholic liver damage, then the effects of alcohol abuse should be manifest on the cell surface of the hepatocyte -that is, the plasma membrane -in order to initiate the immune response.
Acetaldehyde is a highly reactive molecule and the immediate metabolic product of ethanol. It is found in high concentrations in the serum of patients who abuse ethanol. It has been suggested that acetaldehyde may be the factor which precipitates liver damage in alcoholic liver disease. We have therefore studied the effects of acetaldehyde on isolated rat hepatocytes with particular reference to the effects on the hepatocyte plasma membrane. Immediately after preparation the plasma membrane vesicles were frozen in liquid nitrogen and stored at -20°C until used.
The efficiency of the preparation procedure was assessed by assay in the preparation of the specific activity of 5' nucleotidase (using the method of Hepel and Himlow5) and glucose-6-phosphate (using the method described by Swanson The cells were deproteinised after a given time by the addition of perchloric acid (3-5% w/v) and urea and glucose production were measured in the neutralised extract by standard enzymic methods. '3 14 The leakage of lactate dehydrogenase from isolated liver cell preparations from fed rats was estimated after 40 minutes' incubation with acetaldehyde in concentrations up to 20 mM, by centrifuging the incubation mixture at 10 000 g for five seconds, and assaying the lactate dehydrogenase in the supernatant as described previously. '5 Alanine transport by the isolated liver cells was measured as described by Joseph et al 16 using isolated liver cells prepared from rats fasted overnight, 0-5 mM alanine as substrate, and an incubation time of two minutes in Krebs-Henseleit bicarbonate buffered medium containing 0-20 mM acetaldehyde.
Results
The purity of the liver plasma membrane vesicles may be assessed from the Table. The results are Bt = total bound Kd = dissociation constant S = slope of line of non-specific binding.
In all experiments the equation for a single class of binding sites proved to be statistically a worse fit than those given by equations (2) or (3). In one experiment equation (3) gave statistically as good a fit at the 5% probability level as the two binding site equation (2) Because the high affinity binding sites were saturated at concentrations of acetaldehyde less than 100 micromolar, and because the concentration of acetaldehyde found in the serum of patients abusing alcohol are significantly less than 100 micromolar, all subsequent binding studies were performed using acetaldehyde concentrations of 0-100 micromolar. These and subsequent data were analysed using the single class binding site curve (Equation 1). Thus, at 'physiological' concentrations of acetaldehyde, the total bound at saturation was 38±7-7 nmol/mg membrane protein and the mean binding constant was 13-2±4-1 ,M (n=7).
The effects of acetaldehyde on hepatocyte metabolism are illustrated in Figure 2 .
As can be seen from Figure 2 , urea synthesis from alanine by the isolated rat hepatocytes is uninfluenced by the presence of acetaldehyde in any concentration used. Similarly, glucose production rate is uninfluenced by acetaldehyde in concentrations up to 10 mM. There is, however, a slight fall off in glucose production when grossly unphysiological concentrations of acetaldehyde from 15 mM upwards are used.
Urea synthesis and gluconeogenesis involve cytoplasmic and mitochondrial enzyme pathways and are highly sensitive indices of the cell's functional integrity. Figure 3 indicates that although acetaldehyde binds to the liver cell membranes there is no consequential effect on gross membrane function in whole liver cells as assessed by alanine transport which remains unchanged. Similarly, there is no increase in the leakage of lactate dehydrogenase above control levels of 10%. Fig. 2 Urea and glucose production measured after 40 minutes' incubation using 10 mM alanine as substrate. Urea production by cells from fed rats was measured as ammonia after incubation ofsample with urease. Final protein concentration in incubation mixture was 7-9 mg/ml. Glucose production by cells from overnight fasted rats were pre-incubated for 10 
Discussion
Purified liver plasma membrane vesicles have been used to assess the binding of acetaldehyde to the proteins of the liver plasma membrane. The preparation used gave a five to six-fold concentration of plasma membrane vesicles compared with whole liver homogenate as assessed by membrane markers but there was some contamination with endoplasmic reticulum. Studies by others17 have indicated that 70% of the vesicles prepared by this method are orientated as in vivo -that is, external surface of membranes outwards.
Under the conditions of the binding experiments, however, where an incubation time of 10 hours was used, the vesicular structure of the plasma membranes must have been lost. Binding would occur to both external and internal surfaces of the membranes. Using this preparation, it was shown that acetaldehyde does bind to rat liver cell plasma membranes. At concentrations of acetaldehyde equivalent to those found in alcohol abuse (less than 100 micromolar), the dissociation constant of this binding is 13 
